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The +wo AGN classes

. - NGC 5728
° Ra d (0~quiet (SQYFEV"'S, QSO) Hubble Space Telescope

_ Re‘a*?Ve‘v weak rad?o em:ss:on Wide Field / Planetary Camera
(but > normal galaxy)
- No collimated Jet
(bur pipolar flows, ionization cones)
- No gamma-ray ewmission >MeV

(Derwer &Gehrels ‘H5)

Ground View HST View

Cor of Galaxy NGC 026 o Radio-{loud (Radio galaxies,

Al Suons Telksonge
" -

S quasars)

| - Intense radio Ewmission
_ ° (synchrotron)

| “ - Powerful Jjets

- Gammma-ray ewmission >MeV, up %o
tens OF TeVou

GLAST-LAT Meeting GSFC 22-25 October 2002




Jets in radio~(oud AGNs

o Large scale (>kpc) one or ¥wo sided

- FR | weak jetrsy notr well collimated
° Beamed counterparys : BL lLacs ?

- FR Il powerful jers, well collimatred,
(hot+ spots)

o Beamed counterpards : FSRQ ?

o Superluminal m™motion opserved
at pc scale (ViBJ/VvI(BA),
always one-sided

Apparent V between 5 and 10 ¢

No clear difference between BL Lacs
and FSRQ !
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Superluminal motions

Statrisrics on &nown
sources (Vermeulen
& Copen ‘H5)

Compatripble with a
constant y,°10

Some larger values
discovered?

Responsible also for
Doppler poosting,
enhanced
Variapilityaeee
Redshift z
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Gamma-ray emitting
(grazars)

Gamma-ray luminosity can dominate

Stro varia of+
the e.m .spectrum (1048 erg.s) ngty variable, often

correlated with other
wavelengths, but not in
a simple way
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Extreme plazars (>700

S+ill more variaple ({300)

Gamma/min

Ex¥reme spectrum
- synchrotron peak in X rays dans les X
- Compion peak a+ TeV

Correlated variapility
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«[Btandardd» model for gamma-ray
emission

Gamma-ray opacity constraint . lower value of Bulk Loreniz
facrory, need for relatrivistic pulk mo+ion

Lepronic processes favoured . Inverse Compion on synchrodron or
external photrons e~ (ymed) + hv — e~ (yImed) + v’

Relativistic jet y, = 10

Relativistic partricles

njection @y = 10% - 105

Internal Shocks 2
Sources of sof+ photons

- gccretrion disk
- optical lines
- synchrotron (SSC)
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Generation of relatrivistic jet 2

Powerful je¥s can be extracted from accretrion disks +hrough
Magneto-Hydrodynamical process (Blandford & Payne ‘82,
Pelletier & Pudrirz ‘@2, Ferreira & Pellerier ‘193 )

Referred also as «Iwindskh or «butflowsh

Ideal MHD

o Resistive
MH D
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Self-similar Accretion Discs driving Jets
(Ferreira,Pelle?iertee.)
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Influence of ejection parameter
)

o Disc SED wmodified by < Jetr rerminal velocity
ejec¥ion

Low ejection efficiency €
--3 powerful jets and disks

High ejection efficiency &
--) weak jers and disks
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«fFwo flowsh model

Relativistic jets difficuly 1o produce and collimate
with equipartrition Vjet =V Kepler
No high vy, solution !

Two flows model . 2 distinct flows (Sol, Pelletiery Asséo 1985)

MHD jetr e p+ mildly
rela*ivistic

+

Highly relativistic pair plasma
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Two-flow mode(

Account for some contradictions from small
scale ¥o large scale jets.

Example = 19284134

Two-sided jet @ kpc scale

One sided jet @ pc scale
superluminal motion, Vapp = 6 ¢

Either 0 is varying by © 50°
Or v is varying from 7 30 1.08...
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Bulk acceleration of pair plasma

o Compion effect

Yransfers energy and
impulsion

In an anisotropic phoion
field, direcred force (°
radiation pressure)

°* Vanishes in some frame
due %o relativistic
aperra¥ion.
Frad >0 Frad =0 Frad <0
acceleration equilibrium  braking

(Compton drag)

GLAST-LAT Meeting GSFC 22-25 October 2002




OrDeilllls Compion Rocker effect
D

°* In *he vicinity of an accrerion disk, v,
increases with the distance ° (z/Rg)!/*

Hot plasma . same Veq but +he
force is X py &y2?

(Compiron Rocketr effect)
Saturation velocity is reached
later and is larger

Cold pair plaswa ! y increases
but reaches a plateau when
Taccﬂd

o GTLsoH

¥ Mec R

1/
Yp = ‘S 7z2—3 where‘f =

But cooling faster *han acceleration (Phinney) !!
Need for con*inuous reacceleration at large distance
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Rocketr effec+ with continvous
heating

- standaed disk, L = Ledd
- power law distribution
n(y)=n,% 14v<¢y,.x (Renaud Henri 1998)

M = 108 Msol M = 10 Msol
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Generation of pair

In situ generat*ion of pair plasma

Feed-pack on gaMMma-ray emission
0 Some relativistic particles
X-ray and gamMma-ray ewmission
by IC and/or SSC
v—=y annihilation forms new pairs

Con¥inuous reacceleration by
MHD 3*urpulence

Processus ™must stop ! Add a
prescriprion on maximal random
Lorentz factor, palancing an
accelerarion rate vy, with
synchrorron and Compion (osses
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Some resul?s

o Spectral firs

RADIO=-UY = .
Ginga © Compton axt.-—-—  aynchrotron - 3C279: Juin 1991

COMPTEL O SSC -—- disqus
EGRET < total —— onnihilation --—-~
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Particle and disk photon
density along +he jet

Mulriwavelength specrrum
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Pair production +hreshold

For a given geomerry and B field, *he
solutions depend on initial partricle density
and ¥he acceleration rate

Very sharp +ransition of jet
power when pair production
starts . highly non linear

Steady-state solutions
propably unphysical,
variapility expected
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A time-dependant model

o Assume a *ime-dependant accelerat*ion rate
o Paramerrized by y (%)

e assume d
43+’ - an] - P]e'}

=== Energy

Acceleration Fvu'ecﬁo n

quenching
‘ Pair broduc-ﬁon-
JC process/cooling
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Sponraneously variaple solutions

For some values of Qinj (corresponding 1o +he «Iwalll) rivme -
dependent solutions exhibi* spontraneous flaring behavior

]
1 H ,
. 'y
A ) . i S .
= LWL W P B e i.‘: ! Pt Nty tH .\j_\‘- !

T

t [ro/e]

At least qualitative agreement with opservations
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Flares associated with
¥he ejection of
discrete components
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The par+icle dJdistribution function

Spectra usually firred with gf_an et al ‘B8
power laws g0
N(y) = y=s z'""’ = 3 106
but sometives in Very max

narrow ranges

Lag vFie) [erg cm® »
1

Extreme plazars can pe firred
equally well with pile-up
(quasi-maxwellian)
distriputions

N(1) = y2ZexXb(=v/Yyax)

More naturraly predictred by
bulk +urpulence acceleration
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First+ results with pile~up
distribu#*ion

Ex¥remely sharp pair
Yransition

Pair creation
direcxly on
synchrotron X-ray
photons

Violent variapility
expected
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Some conclusions

Pair model can reproduce the qualitative
fearures and ¥he quantirarive SED of AGNs

Need for simulraneous mul¥i waveleng+h and
¥ime-resolved spectra 1o petrer test the models
> lepronic/hadronic, homogeneous/
inhomogeneous, pairs or not, particle
distripburion func¥ioneee

High sensitivity and energy coverage of GLAST
extremely valuaple for remporal and spectral
resolu¥ion, encourage Mmulri-L campaigns
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